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[57] ABSTRACT

Polarized measuring light is coupled into a sensor device
and, after passing through the sensor device, is decomposed
in an analyzer into two differently. linearly polarized partial
light signals. The corresponding electric intensity signals are
intensity-normalized by dividing their respective AC signal
component by their respective DC signal component. From
the two intensity-normalized signals S1 and S2. a
temperature-compensated measured signal M is derived in
accordance with the two equations S1=f1(T)*M and S2=f2
(T)*M. The functions f1(T) and f2(T) are predetermined by
particular linecar, quadratic, or exponential fit-functions of
the temperature T. In particular, in the case of linear fit-
functions f1(T) and f2(T), the measured signal is yielded as

M=A*S1+B*52.

10 Claims, 3 Drawing Sheets
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METHOD AND DEVICE FOR MEASURING
AN ALTERNATING ELECTRIC QUANTITY
WITH TEMPERATURE COMPENSATION BY
FITTING

BACKGROUND INFORMATION

The present invention relates to a method and a device for
measuring an alternating electric quantity. In this case, an
alternating electric quantity is understood to be an electric
quantity which varies with time and whose frequency spec-
trum lies above a predetermined frequency. In particular, the
alternating quantity can be an alternating electric current, an
alternating electric voltage. or even an alternating electric
field.

Optical measuring methods and measuring devices for
measuring electric quantities such as current. voltage, or
field are known. in which the change in polarization of
polarized measuring light in a sensor device as a function of
the electric quantity is evaluated. In this case, the magneto-
optical Faraday effect is used for measuring an electric
quantity; for measuring electric voltages and fields, on the
other hand. the electro-optical Pockels effect is used.

The Faraday effect is understood to be the rotation of the
plane of polarization of linearly polarized light as a function
of a magnetic field. The angle of rotation is, in this case,
proportional to the path integral over the magnetic field
along the path traced by the light. with the Verdet constants
as constants of proportionality. The Verdet constant depends
on the material in which the light runs and on the wavelength
of the light. To measure an electric current in a current
conductor using the Faraday effect. a Faraday element,
which consists of an optically transparent material, such as
glass, is arranged as a sensor device in the vicinity of the
current conductor, Linearly polarized light is sent through
the Faraday element. The magnetic field generated by the
electric current effects a rotation of the plane of polarization
of the light in the Faraday element around an angle of
rotation. The angle of rotation can be evaluated by an
evaluation unit as a measure of the intensity of the magnetic
field and thus of the strength of the electric current. In
general, the Faraday element surrounds the current
conductor, so that the polarized light circulates around the
current conductor in a quasi-closed path. In this case, the
amount of the angle of rotation of the polarization is. to a
good approximation, directly proportional to the amplitude
of the measured current.

WO 91/01501 discloses an optical measuring device for
measuring an electric current, having a Faraday element
which is designed as part of an optical monomode fiber. The
Faraday element surrounds the current conductor in the form
of a measuring winding.

EP-B-0 088 419 discloses an optical measuring device for
measuring a current, in which the Faraday element is
designed as a solid glass ring around the current conductor.

The electro-optical Pockels effect is understood to be the
change in the polarization of polarized measuring light in a
material exhibiting the Pockels effect as a result of a linear
birefringence that is induced in the material. On the basis of
the electro-optical coefficients, the pockels effect is essen-
tally linearly dependent on an electric field penetrating the
material. To measure an electric field. a Pockels element
made of a material showing the Pockels effect is arranged in
the electric field as a sensor device. To measure an electric
voltage, the voltage to be measured is applied to two
electrodes assigned to the Pockels clement and the
corresponding. adjacent. electric field is measured. Polarized

2

measuring light is transmitted through the Pockels element,
and the change in polarization of the polarized measuring
light as a function of the voltage to be measured or of the
field to be measured is evaluated with the aid of a polariza-
tion analyzer.

In order to measure a current using a Faraday element and
a voltage using a Pockels element, a polarizing beam splitter

~or a simple beam splitter with two polarizers arranged
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downstream can be provided as a polarization analyzer
(EP-B-0 088 419 and DE-(-34 04 608). The polarizing
beam splitter may comprise a Wollaston prism. The polar-
ized measuring light which has passed through the sensor
device is split in the analyzer into two linearly polarized.
partial light beams A and B with planes of polarization
which are different and generally directed at right angles to
each other.

Each of these two partial light signals A and B is con-
verted in each case by a photoelectric transducer into electric

signals PA and PB.

In optical measuring methods and measuring devices, the
polarization change of polarized measuring light in a sensor
element, which is influenced by the measured quantity, is
used as a measuring effect. A problem in such devices is
presented by the sensitivities of the optical materials of the
sensor element and of the optical transmission paths to
temperature changes or to mechanical stresses which, for
example. are brought about by bending or vibrations. In
particular, in the case of changes in the system temperature,
the temperature sensitivity leads to an undesired change in
the operating point and in the measuring sensitivity
(response o temperature changes).

Various temperature compensation methods are already
known for compensating temperature influences.

A temperature compensation method for a magneto-
optical measuring device for measuring alternating currents
is known from Proc. Conf Opt. Fiber Sensors OFS 1988,
New Orleans, pages 288 to 291. and the associated U.S. Pat.
No. 4,755,665. In this method the two electric signals PA
and PB belonging to the partial light signals A and B of the
measuring light are each decomposed in a filter into their DC
components, PA(DC) or PB(DC), and their AC components,
PA (AC) or PB (AC). From the AC component PA(AC) or
PB(AC) and the DC component PA(DC) or PB(DC), for
each signal PA and PB, in order to compensate for different
intensity fluctuations (attenuations) in the two transmission
paths for the light signals A and B. the quotient QA=PA
{ACYPA(DC) or QB=PB(AC)YPB(DC) is formed from its
AC component PA(AC) or PB(AC) and its DC component
PB(DC) or PA(DC). From each of these two quotients QA
and QB, a mean time value MW(QA) and MW(QB) is
formed, and from these two mean values MW(QA) and
MW{(QB) a quotient Q=MW(QA)MW(QB) is finally
formed. Within the framework of an iteration process. a
comrection factor K is obtained for the determined quotient
Q by means of comparison with calibrated values stored in
a value table (look-up table). The value Q*K, corrected by
this correction factor K, is used as a temperature-
compensated measured value for an electric alternating
current to be measured. Using this method. the temperature
sensitivity can be reduced to approximately Yso.

EP-A-0 557 090 discloses a temperature-compensation
method for an optical measuring device for measuring
magnetic alternating fields. This method uses the Faraday
effect and is therefore also suitable for measuring clectric
alternating currents. In the case of this known method, once

again the lincarly polarized measuring light, after passing



5.895.912

3

through the Faraday element, is split in an analyzer into two
differently, linearly polarized partial light signals A and B. In
order. to normalize the intensity, for each of the two asso-
ciated electric signals PA and PB. the quotient QA=PA(AC)/
PA(DC) or QB=PB(AC)/PB(DC) is formed separately from
its associated AC component PA(AC) or PB(AC) and its
associated DC component PA(DC) or PB(DC). In a com-
puting unit, a measured signal M=1/((0/QA)—(B/QB)) is
now formed from the two quotients QA and QB, in which
the real constants o and § fulfill the relationship o+f=1.
This measured signal M is described as largely independent
of changes in the Verdet constants and the circular birefrin-
gence in the Faraday element caused by temperature
changes. Nothing is said about compensation of the
temperature-induced linear birefringence.

EP-A-0Q 486 226 discloses a corresponding temperature
compensation method for an optical measuring device for
measuring an electric alternating voltage. An optical series
circuit is connected optically between a light source and an
evaluation unit. The optical series circuit consists of a
polarizer. A/4-plate, a Pockels element, and a polarized beam
splitter. The beam splitter is used as an analyzer. The order
of A/4-plate and Pockels element in the optical series circuit
can. however, also be exchanged. The measuring light from
the light source is linearly polarized in the polarizer and.
after passing through the Pockels element, is split in the
analyzer into two partial light signals A and B having
different planes of polarization. Each of these partial light
signals A and B is converted into a corresponding electric
intensity signal PA or PB. Thereupon, for normalizing the
intensity for each of these two electric intensity signals PA
and PB, the quotient QA=PA(AC)/PA(DC) or QB=PB(AC)/
PB(DC) is formed from its associated AC signal component
PA(AC) or PB(AC) and its associated DC signal component
PA(DC) or PB(DC). From the two intensity-normalized
quotients QA and QB. a measured signal M=1/((o/QA)—([¥/
QB)) is now formed with the real constants ¢ and P in a
computing unit. By matching these constants ¢t and f, the
measured signal M becomes largely independent of linear
birefringence in the A/4-plate caused by temperature
changes.

SUMMARY OF THE INVENTION

An object of the invention is now to specify a method and
a device for measuring an electric alternating gquantity, in
which influences of temperature changes and of intensity
fluctuations on the measured signal are largely compensated.

As in achieving this object., polarized measuring light is
coupled by means of input coupling means into an optical
sensor device that is influenced by the alternating electric
quantity. Upon passing through the sensor device, the polar-
ization of the measuring light is changed as a function of the
electric alternating quantity. After passing through the sen-
sor device at least once. the measuring light is split by an
analyzer into two lincarly polarized, partial light signals
having different planes of polarization. Subsequently, these
two partial light signals are each converted into correspond-
ing electric intensity signals by opto-electric receivers. Each
of these two intensity signals is separately intensity-
normalized in that the quotient signal is formed by normal-
izing means from its associated AC signal component and its
associated DC signal component. In this manner, intensity
fluctuations in the optical input coupling means and in the
transmission paths for the two partial light signals can be
compensated. From the two quotient signals, as intensity-
normalized signals S1 and S2. a measured signal M. which
is largely independent of the temperature T in the system. is
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4

now derived for the alternating electric quantity by evalu-
ation means in accordance with the two equations

SI=A(T*M (1)

S2=H2ATYM (2),

in which f1 (T) and f2 (T) are predetermined fit-functions of
the temperature T.

The fit-functions f1(T) and f2(T) represent theoretical
approximations (fitting) for the temperature dependencies of
the two intensity-normalized signals S1 and S2 and can, in
particular, be polynomials of order n with n=1, or else
exponential functions of the temperature T. The outlay for
calibration measurements can be appreciably reduced by
means of this fitting.

Measurements have shown that even the simplest poly-
nomials for n=1 (linear functions f1 (T) and 2 (T)) or n=2
(quadratic functions f1 (T) and f2(T)). in conjunction with
the equations (1) and (2) for the temperature dependencies
of the two intensity-normalized signals S1 and S2. represent
an excellent approximation.

In the case of linear fit-functions

(3)
(4)

A(N=a0+al T
LAT=B0+51-T

with the real coefficients a0, al, b0 and bl. By substituting
the equations (3) and (4) into the equations (1) and (2) and
solving for M. there results a measured signal which is
linearly dependent on the two intensity-normalized signals
S1 and S2

M=A*51+B%S2 (5
with the coeflicients
A=b1/(a0-b1-a1-b0)
B=—al/(a0-b1-al-b0).
In the case of quadratic fit-functions
(6)

(7)

A(Tr=cO+cl-T4c2- T
JUT=dO+d1-T +d2-T°

of the temperature T, by substituting the equations (6) and
(7) into the equations (1) and (2) and solving for M, the

expression
M=(1/G)*(A"*S1+B"*S2tC*(D*S12+E*S1*S2+F*§2%)172) (8)

results for the measured signal M. The real coefficients A',
B'. C, D, E. F and G in equation (8) are clearly linked here
to the coefficients c0. cl. ¢2 and d0. dl. d2 in equations (6)
and (7) in the following way:

A=c2-d1%-2.c2-d0-d2—1-d1-d2+2-c0-d2*
B'=2-¢2?2.d0—<1-c2-d1+C12-d2-2-c0-c2-d2
C=c2di-cl-d2

D=d1*—4-40-d2
E=4c2-d0-2cl-d1+4c0d2

F=c1*—4c0c2

G=1/(2-(c2* d0—c1-c2-d0-d14+c0-c2-d1*+c1*-d0-d2-2-c0-c2-d0-d2-
eO-¢1-d1-d2+a0%-b2%))



5,895,912

S

The sign in front of the square-root expression
C*(D*S1%4+E*S1*S24F*S2%)Y“in equation (8) results from
the physical-technical relationship and is especially depen-
dent on the temperature range for the temperature T in which
the measured signal M is intended to be compensated.

On the other hand, if one selects exponential fit-functions

N(N=glexp(hl-T) )

JUT=g2exp(h2-T} (10)
with the exponential function exp and the real co-efficients
gl. g2, hl and h2, the measured signal M results from the
two intensity-normalized signals S1 and S2 in accordance
with

M=((L/g1)*STyy" *((1/g2)*52)™7 (11),

where the coefficient ¥ in both the exponents is in relation to
the coefficients hl and h2 in equations (9) and (10) in
accordance with

Y=h1/(h2-h1).

In the notation, “*” denotes a multiplication of signals and
“” a multiplication of real numbers.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates schematically a basic construction of a
device for measuring an electric alternating quantity,

FIG. 2 illustrates schematically one specific embodiment
of the normalizing means for such a measuring device,

FIG. 3 illustrates schematically a part of a specific
embodiment of a device for measuring an electric alternating
current and

FIG. 4 illustrates schematically a part of a specific
embodiment of a device for measuring an electric alternating

voltage.
Mutually corresponding parts are provided with the same
reference symbols.

DETAILED DESCRIPTION

FIG. 1 shows one specific embodiment of the measuring
device for measuring an electric alternating quantity X in a
basic construction. A sensor device 3 is provided which,
under the influence of the electric alternating quantity X,
changes the polarization of polarized measuring light L.
irradiated into sensor device 3, as a function of the alter-
nating electric guantity X. Sensor device 3 can be a Faraday
sensor device for measuring an electric alternating current or
a magnetic alternating field using the magneto-optic Faraday
effect, or a Pockels sensor device for measuring an electric
alternating voltage or an electric alternating field using the
electro-optical Pockels effect. Polarized measuring light L is
coupled into sensor device 3. To generate this polarized
measuring light L, a light source 4 and associated polarizing
means, not shown. or a self-polarizing light source 4, for
example a laser diode, and. if necessary, additional polariz-
ing means. not shown, can be provided. The polarized
measuring light L passes through sensor device 3 at least
once and. in so doing. experiences a change in its polariza-
tion dependent on the electric alternating quantity X. After
passing through sensor device 3. the measuring light L is fed
to an analyzer 7 and decomposed in analyzer 7 into two
linearly polarized, partial light signals 1.1 and L2 having
planes of polarization that are different from each other.
Preferably, the planes of polarization of the two partial light
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6

signals L1 and L2 are directed at right angles to ¢ach other
(orthogonal decomposition). A splitter, can be provided as
the analyzer 7. The simple beam splitter includes a partially
transparent mirror and two downstream polarizing filters
crossed by a corresponding angle, preferably by 90°, Sensor
device 3 and analyzer 7 can be optically connected to each
other by way of. a free beam arrangement or even via a
polarization-maintaining optical waveguide., preferably a
monomode optical fiber such as, for example, a HiBi (high
birefringence) fiber or a polarization-neutral LoBi (low
birefringence) fiber.

The two partial light signals L1 and L2 are then each fed
to a photoelectric transducer 12 and 22, respectively. The
transmission of the two partial light signals .1 and 1.2 from
analyzer 7 to the respective associated transducer 12 or 22

can be carried out through a free-beam arrangement or, in
each case, via an optical waveguide. In the transducers 12

and 22, the two partial light signals L1 and 1.2 are each
converted into an electric intensity signal I1 or I2. which is
a measure of the intensity of the associated partial light
signal 1.1 and L2 respectively.

The two electric intensity signals I1 and I2 are each fed to
an input of associated normalizing means 13 or 23. From the
associated intensity signal I1 and I2, the normalizing means
13 and 23 in each case form an intensity-normalized signal
S1 or S2. which cormresponds to the quotient S1=A1/D1 (or
S1=D1/A1) or 82=A2/D2 (or S2=D2/A2) from an AC signal
component Al or A2 and a DC signal component D1 or D2
of the associated intensity signal I1 and I2 respectively. The
two intensity-normalized signals S1 and S2 are essentially
independent of intensity changes of light source 4 and in the
optical transmission path for the measuring light L. and the
two partial light signals 1.1 and L.2. Different intensity
changes in the two optical transmission paths for the partial
light signais .1 and L2 are also compensated by means of
this intensity normalization. A multimode fiber can therefore
also be provided in each case as trapsmission paths for the
two partial light signals 1.1 and L2.

However, a problem is now presented by changes in the
temperature, which can result in a displacement of the
operating point and a change in the measuring sensitivity of
the measuring device. These temperature-induced measur-
ing errors are now essentially eliminated by means of a
temperature-compensation method described in the follow-
ing.

For the purpose of temperature compensation. the two
intensity-normalized signals S1 and S2 are fed to evaluation
means 30. Evaluation means 30 derives, from the two
intensity-normalized signals S1 and §2, a measured signal
M. which is largely independent of temperature, for the
alternating electric quantity X as a function M(S1. S2) of the
two intensity-normalized signals S1 and S2, The measured
signal M is supplied from an output of evaluation means 30.
The basic function M(S1, S2) is determined by means of the
two equations already mentioned

Si=1(T*M (1)

and

S2AUT*M (2)

These equations are based on the assumption that the two
intensity-normalized signals S1 and S2 can each be repre-
sented as a product of a function f1 (T) or f2(T) of the
temperature and a temperature-independent signal M

(factorizing). The two functions f1 (T) and {2 (T). charac-
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terizing the temperature dependency, are in this case prede-
termined fit-functions over a pre-selected temperature inter-
val for the temperature T in the optical system and are so
selected that equations (1) and (2) in this temperature
interval can be solved for the measured signal M in a manner
which is physically unequivocal.

In one specific embodiment. polynomials of nth order
having the natural number n. preferably linear or quadratic
functions f1{T) and f2(T) in accordance with equations (3}
and (4). or (6) and (7). can be used as fit-functions f1(T) and
f2(T). It has been shown that, even using the comparatively
simple linear and quadratic interpolation functions f1(T) and
f2(T) in accordance with equations (3) and (4). or (6) and
(7)., a good approximation of the measured temperature
dependency is achieved. In the case of linear functions f1(T)
and f2(T), the measured signal M=M (81, S2) is determined
in accordance with the equation already mentioned

M=A*S1+B*S2 (5)

with the real coefficients A and B; in the case of quadratic
functions f1(T) and f2(T). on the other hand. the measured
signal is determined in accordance with the previously
described equation

M=(1/G)*(A*S1+B"*S2LCH D*S1>+E*S1% 52+ F*522)172) (8)

with the real coefficients A', B', C, D, E. F and (. In the case
of polynomials of order n higher than 2 for the functions
f1(T) and f2(T), correspondingly more complicated expres-
sions result for the measured signal M.

In another embodiment, using exponential fit functions
f1(T) and f2(T) in accordance with equations (9) and (10).
the measured signal M is derived by evaluation means 30
from the two intensity-normalized signals S1 and 52 in
accordance with

M=((1/g1 y*S1)T'*({1/g2)*S2)™Y (11)

with the already defined real coefficients gl. g2 and 7.

To determine the measured signal M. in particular in
accordance with equations (5), (8) or (11), evaluation means
30 can contain an analog/digital converter for digitizing the
two intensity-normalized signals S1 and S2 and a digital
signal processor (DSP) or a microprocessor for the digital
calculation of the measured signal M from the digitized
signals S1 and S2. In particular for the comparatively simple
calculation of the measured signal M as a linear function of
the two intensity-normalized signals S1 and S2 in accor-
dance with equation (5). evaluation means 3¢ can also
contain analog arithmetic components, however. The prod-
ucts A*S1 and B*S2 can be formed with the aid of amplifiers
which amplify the signal S1 or S2 applied to their respective
input by the gain factor set to the coefficients A or B. The
sum of the two products A*S1 and B*S2 is then formed by
an adder and can be output as a measured signal M. Using
analog components, the temperature compensation can be
carried out particularly quickly. In addition, evaluation
means 30 can also contain at least one previously deter-
mined value storage, not shown, in which a pair of values
(S1. S2) of the two intensity-normalized signals S1 and S2
are assigned an associated temperature-compensated mea-
sured signal M as a function M(S1. S2) of the two intensity-
normalized signals S1 and S2. The value storage can contain
a corresponding value table or even a corresponding cali-
bration function.

In one advantageous specific embodiment, apart from the
measured signal M for the alternating electric quantity X,

3

evaluation means 30 also derives, from the two intensity-
normalized signals S1 and S2, a temperature measured value
TX for the temperature T with the aid of the two equations
(1) and (2) and the respectively predetermined ht-functions
f1 (T) and f2 (T). This temperature measured value TX 1s
then present at an output of evaluation means 30.

In the case of linear fit-functions f1(T) and f2(T) 1n

accordance with equations (3) and (4). there results, for

- example using equations (1) and (2). a temperature mea-
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sured value

TX=(b0*S1-a0*S2)(al *S1+b1*52) (12).

In the case of exponential fit-functions f1(T) and £2(T) in
accordance with equations (9) and (10). the temperature
measured value TX is calculated in accordance with

TX=(1/(hi-h2))*1n((g2*51)(g1*52)) (13)

with the natural logarithm function 1n.
The measured signal M is linked to the temperature

measured value TX through the equations

M=S1IAUTX)=S2fATX)

The measured signal M can therefore also be derived by first
deriving a temperature measured value TX from equations
(1) and (2) with predetermined functions f1(T) and f2(T),
and then. from on¢ of the two intensity-normalized signals
S1 or S2 and the associated function value f1(TX) or f2M),
the measured signal M is determined in accordance with
equation (14).

FIG. 2 shows an advantageous specific embodiment of the
normalizing means 13 and 23. The first normalizing means
13 contains a low-pass filter 14 which is electrically con-
nected to the photo-clectric transducer 12, a subtractor
(SUB) 15, and a divider (DIV) 16. The second normalizing
means 23 contains a low-pass filter 24 which is electrically
connected to the second photo-electric transducer 22, a
subtractor (SUB) 25, and a divider (DIV) 26. Each low-pass
filter 14 and 24 allows only a DC signal component D1 or
D2 to pass from the intensity signal I1 or IZ applied at its
input. At the same time. each DC signal component D1 and
D2 of the associated intensity signal 11 or I2 corresponds to
the frequency components of the intensity signal I1 or I2
which lie below a predctermined cut-off frequency of the
associated low-pass filter 14 or 24. Applied to the two
respective inputs of subtractors 15 and 25 are, first of all. the
associated intensity signal I1 or I2 and. secondly. the DC
signal component D1 or D2 of this intensity signal 11 and I2.
Subtractors 15 and 25 form in each case an AC signal
component Al or A2 from the associated intensity signal 11
or I2 by subtracting the DC signal component D1 or D2 from
the complete intensity signal I1 and I2. In addition, the cutoff

frequencies of both low-pass filters 14 and 24 are selected to
be so high that the AC signal components Al and A2 of the
intensity signals I1 and I2 contain essentially all the infor-
mation about the alternating quantity X to be measured. in,
particular the entire frequency specttum of the alternating
electric quantity X. In particular. the cut-off frequency is to
be selected to be less than a basic frequency of the alter-
nating quantity X. Low-pass filter 14 or 24 and subtractor 15
or 25 thus form means for decomposing the first intensity
signal I1 or second intensity signal I2 into an AC signal
component Al or A2 and a DC signal component D1 and D2
respectively.

Instead of the specific embodiments of these means for
decomposition shown in FIG. 2, high-pass filters and low-
pass filters for filtering out the AC signal components Al and

(14).
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A2 or the DC signal components D1 and D2 can also be
provided or even, in each case, a high-pass filter for filtering
out the AC signal component Al or A2 and a subtractor for
deriving the DC signal component Di1=I1-A1 and D2=12-
A2. Mixed forms of these specific embodiments can also be

used.

The AC signal component Al and the DC signal compo-
nent D] of the first intensity signal I1 are now fed in each
case to an input of divider 16. The first intensity-normalized
signal S1=A1/D1 as a quotient of AC signal component Al
and DC signal component D1 of the first intensity signal 11
is then available at an output of divider 16. Likewise, the AC

signal component A2 and the DC signal component D2 of
the second Intensity signal 12 are fed to the second divider
26. which forms the intensity-normalized signal S2=A2/D?2
for the second intensity signal I2. The two intensity-
normalized signals S1 and S2 can then be picked off at
corresponding outputs of normalizing means 13 or 23.
FIG. 3 shows part of a measuring device for measuring an
alternating electric current I in a current conductor 2 using
at least one Faraday clement 3', assigned to current conduc-

tor 2 as a sensor device. Linearly polarized measuring light
L from a linearly polarized light source 4, for example a
laser diode, is coupled into the Faraday element 3 via a
preferably polarization-maintaining optical waveguide 34.
After passing at least once through the Faraday element 3,
the linearly polarized measuring light L is coupled out of the
Faraday element 3' again and is fed to analyzer 7 via a
preferably polarization maintaining optical waveguide 37.
However. the transmission of the measuring light coupled
out from the Faraday element 3’ to analyzer 7 can also be
effected via a free-beam arrangement. Because of the Fara-
day effect, the measuring light coupled out has a polarization
which is rotated by a measuring angle o, not shown. In this
case, the measuring angle ¢ is dependent on an alternating
electric current I in current conductor 2.

In the specific embodiment shown in FIG. 3, the Faraday
element ¥ is formed using an optical waveguide, preferably
an optical fiber, which surrounds current conductor 2 in a
measuring winding having at least one measuring turn. The
optical waveguide of the Faraday element 3’ is connected to
optical waveguide 34 for feeding the measuring light L and
to optical waveguide 37 for carrying away the measuring
light L., preferably in each case via a splice 38 or 39.
However, one or more solid bodies made of a Faraday
matenial, preferably a glass ring, can also be provided as
Faraday element 3. This material forms a light path that
preferably surrounds current conductor 2. for the measuring
light. The Faraday clement 3' does not have to surround
current conductor 2 in a closed light path. Instead. Faraday
element 3 can also be arranged spatially near, alongside
current conductor 2. In addition, apart from the specific
embodiment shown of the transmission type. in which the
measuring light passes through the Faraday element 3' in
only one direction, a specific embodiment of the reflection
type is also possible. In this embodiment the measuring light
L. after a first passage into the Faraday element 3. is
reflected back and passes through the Faraday element 3' a
second time in the reverse direction.

The light coupled out of the Faraday element 3 is split by
analyzer 7 into two linearly polarized light signals .1 and L2
having planes of polarization which are different and pref-
erably directed at right angles to each other. For this purpose,
a polarizing beam splitter such as, for example. a Wollaston
prism is preferably provided as analyzer 7. However, two
polarizing filters crossed by a comresponding angle, and
preferably by 90°, and a simple beam splitter can also be
provided for this purpose.
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In associated photo-electric transducers 12 and 22, for
which photo diodes connected in amplifier circuits are
preferably provided. the two light signals 1.1 and L.2 are then
converted 1nto electric intensity signals I1 and 12, which are
a measure of the light intensities of the respective light
signals .1 and L2.

The measuring method and the measuring device accord-
ing to FIG. 3 can, of course, also be used directly for
measuring alternating magnetic fields by arranging the Fara-
day element 3’ in the alternating magnetic ficld.

FIG. 4 shows a specific embodiment of part of a device for
measuring an alternating clectric voltage U as alternating
quantity X using a Pockels element 3" as part of a Pockels
sensor device. The alternating voltage U to be measured can
be applied via two electrodes 35 and 36 to the Pockels
element 3". Polarized measuring light L is coupled into the
Pockels element 3". This measuring light L passes through
the Pockels element 3" and. in so doing. experiences a
change in its polarization which is dependent on the applied
alternating voltage U. In the specific embodiment shown. the
alternating voltage U is applied at right angles to the light
propagation direction of the measuring light L (transverse
embodiment), but can also be applied parallel to the light
propagation direction (longitudinal embodiment). Provided
as means for coupling the measuring light L into the Pockels
element 3" are a light source 4, for example a light-emitting
diode, and a polarizer S for the linear polarization of the light
from light source 4. Light source 4 and polarizer § are
preferably optically connected to each other via an optical
waveguide 43, for example a multimode optical fiber, but
can also be optically coupled to each other by means of a
free-beam coupling. To couple the light out of optical
waveguide 43 into polarizer §, a collimator lens (Grin lens)
52 is preferably provided. The measuring light L., which is
now linearly polarized, is coupled out of the polarizer S into
the Pockels element 3". After passing through the Pockels
element 3", the measuring light L is fed via a A/4-plate 6 to
analyzer 7. In analyzer 7, the measuring light L is decom-
posed into two linearly polarized. partial light signals .1 and
L2, whose planes of polarization differ from each other.
Preferably, the planes of polarization of the two partial light
signals 1.1 and 1.2 are directed at right angles to each other
(orthogonal decomposition). A polarizing beam splitter, for
example a Wollaston prism, or even two polarizing filters
crossed at a predetermined angle, preferably 90°, and a
simple beam splitter can be provided as analyzer 7.

The two partial light signals .1 and 1.2 are coupled in
each case mto an optical waveguide 10 or 20. preferably via
a collimator lens 11 and 21 respectively, and fed in each case
to the associated photo-electric transducer 12 or 22 via this
optical waveguide 10 or 20, for example in each case a
multimode optical fiber. In the transducers 12 and 22, the
two partial light signals .1 and L2 are each converted into
an electric intensity signal 11 or 12, which is a measure of the
intensity of the associated partial light signal 1.1 and 1.2.

Preferably. the operating point of the measuring device is
set so that circularly polarized measuring light is present at
analyzer 7 when no electric voltage or no electric field is
present at the Pockels element 3". The two self-axes of the
linear bi-refringence in the Pockels element 3" are in this
case “uniformly illuminated” by the measuring light L. This
means that the components of the measuring light L pro-
jected onto the two self-axes in each case have the same
intensity. In general, the two partial light signals L1 and L2
are then equally strong in their intensity. Upon applying an
alternating voltage (U#0V) to the Pockels element 3", the
components of the measuring light L along the electro-
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optically active self-axes of the linear birefringence of the
Pockels element 3" are changed in their intensity as a
function of the alternating voltage U.

However, such a change in polarization of the measuring
light L is also caused by a change of temperature in the
Pockels element 3" or in the Af4-plate 6 and a temperature-
dependent linear birefringence caused thereby. Temperature
changes thus lead to a shift of the operating point of the
measuring device. This temperature-dependent operating-
point drift is now largely compensated by the already
described temperature-compensation method with the aid of
normalizing means 13 and 23, not shown in FIG. 4. and
evaluation means 30.

Instead of the optical series circuit, shown in FIG. 4. of the
polarizer 5. the Pockels element 3", the A/4-plate 6, and the
analyzer 7. an optical series circuit can also be provided
consisting of the polarizer S, the A/4-plate 6, the Pockels
element 3" and the analyzer 7, that is to say the order of the
A/4-plate 6 and the Pockels element 3" is just exchanged. In
this case, the measuring light L is circularly polarized before
being coupled into the Pockels element 3”.

Furthermore, instead of light source 4 and polarizer 5, a
light source for transmitting linearly polarized light, such as,
for example, a laser diode. can also be provided for coupling
polarized measuring light L into the Pockels element 3" or
into the A/4-plate 6. Optical waveguide 43 is then preferably
a polarization-maintaining optical waveguide.

Furthermore, the transmission of the partial light signals
1.1 and L2 can also be carried out in a free-beam arrange-
ment. Analyzer 7 can, furthermore, be connected optically to
the A/4-plate 6 or to the Pockels element 3" via a
polarization-maintaining optical waveguide.

What is claimed is:

1. A method for measuring an alternating electric quantity,
comprising:

a) supplying a polarized measuring light to a sensor
device, wherein the sensor device changes a polariza-
tion of the polarized measuring light as a function of the
alternating electric quantity;

b) supplying the polarized measuring light to an analyzer.
wherein the analyzer splits the polarized measuring
light into a plurality of lincarly polarized partial light
signals, each one of the plurality of linearly polarized
partial light signals having a different plane of polar-
ization;

¢) converting each one of the plurality of linearly polar-
ized partial light signals into a corresponding electric
intensity signal; |

d) generating for each electric intensity signal a corre-
sponding intensity-normalized signal, each intensity-
normalized signal corresponding to a quotient of an AC
signal component and a DC signal component of the
corresponding electric intensity signal; and

e) deriving a measured signal for the alternating electric
quantity, wherein the measured signal is independent of
a system temperature, and wherein the measured signal
is derived from the intemsity-normalized signals in
accordance with the equations:

(1)
(2)

S1=fKTY*M

S232 f2ATP*M

in which M corresponds to the measured signal, T

corresponds to the system temperature, £f1(T) and £2(T)
are each predetermined fit-functions of the system
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temperature and S1 and S2 correspond to the intensity-
normalized signals.

2. The method according to claim 1, wherein fit-functions
f1(T) and £2(T) are linear functions of the system tempera-
ture.

3. The method according to claim 1. wherein fit-functions
f1(T) and f2(T) are quadratic functions of the system tem-
perature.

4. The method according to claim 1, wherein fit-functions
f1(T) and f2(T) are exponential functions of the system
temperature.

5. The method according to claim 1. further comprising
the step of deriving a temperature measured value for the
system temperature from the intensity-normalized signals in

accordance with the equations (1) and (2).

6. A device for measuring an alternating electric quantity.

comprising:

a) means for supplying a polarized measuring light into a
sensor device, wherein the sensor device changes a
polarization of the polarized measuring light as a
function of the alternating electric quantity:;

b) an analyzer for splitting the polarized measuring light
into a plurality of linearly polarized partial light
signals, each one of the plurality of linearly polarized
partial light signals having a different plane of polar-
ization;

¢) a plurality of photo-electric transducers for converting
each one of the linearly polarized partial light signals
into a corresponding electric intensity signal;

d) a plurality of normalizing means for generating for
each electric intensity signal a corresponding intensity-
normalized signal, each intensity-normalized signal
corresponding to a quotient of an AC signal component
and a DC signal component of the corresponding
electric intensity signal; and

e) an evaluation means for deriving a measured signal for
the alternating electric quantity, wherein the measured
signal is independent of a system temperature, and
wherein the measured signal is derived from the
intensity-normalized signals in accordance with the
equations:

SI=f1{Ty*M
S2=fUTY*M

(1)
(2)

in which M cormresponds to the measured signal, T
corresponds to the system temperature, f1(T) and f2(T')
are each predetermined fit-functions of the system
temperature and S1 and S2 correspond to the intensity-
normalized signals.

7. The device according to claim 6. wherein each one of
the functions f1(T) and f2(T) comprises one of a linear
function and a quadratic function of the system temperature.

8. The device according to claim 6. further comprising a
plurality of optical waveguides, each one of the photo-
electric transducers being connected to the analyzer through
a corresponding one of the optical waveguides.

9, The device according to claim 8, wherein each of the
optical waveguides comprise a plurality of multimode fibers.

10. The device according to claims 6, wherein the sensor
device and the analyzer are optically connected to each other
via a polarization-maintaining optical fiber for transmitting
the polarized measuring light out of sensor device.

* ¥ * * *
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